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TECHNICAL MEMORANDUM X-64783 


FLAMMABILITY OF MATERIALS 
IN GASEOUS OXYGEN ENVIRONMENTS 
BY 

C.F. KEY, J.G. AUSTIN, J.W. BRANSFORD 
SUMMARY 


The results of test evaluations of a wide variety of materials 
and configuration test articles to determine their flammability 
characteristics in gaseous oxygen environments are reported. 

The test methods and criteria are described in MSFC-SPEC-1 01 B , 
"Flammability, Odor, and Offgassing Requirements and Test Procedures 
For Materials in Environments Which Support Combustion." The test 
requirements of MSFC-SPEC-1 01 B are the same as those in NHB 8 O 6 O.I, 
"Flammability, Odor, and Offgassing Requirements and Test Procedures 
For Materials in Environments that Support Combustion." 


INTRODUCTION 


This investigation was undertaken to support the Skylab Program 
and its purpose was to determine the flammability characteristics of 
engineering materials in the Skylab habitation environment. 
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Naturally, the factors to be considered in final selection of any 
material are dependent upon the service intended. Selection and evalu- 
ation of these factors will vary widely. Thus, it is not feasible to 
attempt to provide in this report all of the information necessary 
to assess fully the adequacy of a material for specific applications. 
However, unless extenuating circumstances exist, this Center will not 
approve the use of any materials rated as unsatisfactory unless it 
can be shown that the material in its use configuration/application 
meets the flammability requirements of MSFC-SPEC-1 01 B or NHB 806 O.I 
Since the flammability characteristics of materials are usually 
thickness dependent, this Center will normally approve only materials 
rated as satisfactory or batch test in their use environments in the 
thickness evaluated or in thicker sections. Every effort should be 
made to use only non-combustible materials. 


DISCUSSION 

PLASTICS. ELASTOMERS. ADHESIVES AND CASTINGS - TABLE 1 


A wide variety of sheet type materials were evaluated for flamma- 
bility in enriched oxygen. The most consistent satisfactory sheet type 
materials are highly fluorinated materials and the polyimide plastics. 

The variations in flammability characteristics of most organic type 
materials with respect to ignitors, oxygen concentration, composition 
thickness and sample orientation were also studies during this program. 

Ignitor Effects - 3 ignitor systems were used to evaluate the 
flammability of materials. The first ignitor consisted of an energized 
ni chrome wire. The second ignitor considered was a ni chrome wire with 
a paper stick inserted in the coils. The third ignitor consisted of a 
ni chrome wire coil with a silicone rod inserted in the coil. 

The severity of these various ignition sources was evaluated in 
a test program by subjecting thirty materials of varying thicknesses 
to each of these ignitors in a 6.2 psia 100% oxygen environment. The 
materials were all evaluated as sheet materials held in vertical 
position and Ignitors placed at the bottom. The results of this 
study are evaluated in Figure 1. 

It is evident that the silicone ignitor is more severe than either 
the paper stick or nichrome ignitors. As expected, the paper stick 
ignitor is more severe than the nichrome ignitor and less severe than 
the silicone ignitor. It is also evident from this study that an in- 
crease in sample length is required for evaluation and comparison of 
the flammability characteristics of materials. 
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Flame Propagation Rates in Various Atmospheres - Figure 2 illustrates 
the increased flammability hazard as a function of pressure in 100% O 2 
It is readily seen that flame propagation rates increase drastically as 
pressure is increased. 

Effect of Chemical Composition 

The flammability characteristics of organic materials are functions 
of chemical compositions and thicknesses. Figures 5 and 6 are comparisons 
of this effect. Polyethylene is highly flammable, but as fluorine is 
introduced into the parent compound, the flammability is reduced (top 
ignition) . 

It is well-known that processing additives and fillers affect LOX 
compatibility of materials; therefore, it is not surprising that these 
additives and fillers affect flammability of materials. Shown in Figure 6 
are the variations of flame propagation rates of various polyurethanes with 
different cure agents and additives. 

Effect of Thickness 


The data tabulated in Figure 3 indicate there are basically two 
types of materials. One type (cellulose, butyrate, polycarbonates, etc.) 
is flammable (100 percent oxygen at 6 psia) in all thicknesses; whereas, 
for the other type of material (highly fluorinated and polyimide laminate), 
a thickness has been detected at which, for all practical purposes, is 
nonf 1 ammable . 

Sample Orientation 

Tabulated in Figure 4 are the results of sample orientation on 
flame propagation rates. It is readily seen that the burning character- 
istics of materials are affected by the sample orientation. 

ELECTRICAL WIRE & POTTING COMPOUNDS - TABLE II 

A wide variety of wire harnesses, connectors, and potting compounds 
were evaluated in 100% O 2 6 2 psi during this program. The most satis- 
factory solution to the flammability problem of electrical wire harnesses 
and cables is to encase them in metal conduit or use nonflammable cabl e conposites. 
Several methods or configurations are used in Skylab to accomplish this. 

Listed in Table II are configuration composites of electrical cable that 
meets the flammability requirements. 

The most satisfactory method of alleviating the flammability hazard 
in enriched oxygen of potting compounds is to use double Beta bags as 
covers over the potting material . Single Beta bags do not afford pro- 
tection from both outside and inside ignition sources. 
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CONFIGURATION TESTS - TABLE I I 1 


Listed in Table III are configuration tests conducted during this 
program. It was impractical to specify all required information of 
these configuration tests; therefore, the Usage Agreement, Test Request, 
or PO 327 , specified for each item should be requested of further informa- 
tion is required. Many tests of panels and made-up boards had the 
potting material as an important integral unit of component integrity. 

The third type (Table III) consists of data on conf i gurat i on . One 
important group of these assemblages are electrical harnesses. A 
typical harness configuration would consist of several Teflon insulated 
wires (single conductors) 16-20 gauge, shielded, and connected and 
potted via appropriate feed-throughs, thence the entire assemblage 
encased within fiberglass sleeving. Finally, the completed assemblage 
is contained inside a convoluted tubing of Teflon, or approved equal, 
which serves both as protective envelope and flexible container. Com- 
plete identification of configuration samples can be obtained from 
Mater i al s Division. 

The principle ignitor mode for electrical assemblages is the 
power overload, per Test No. 4 and Test No. 5. Assemblages requiring 
external ignition sources are ignited in the same manner as the sheet 
materials described in MSFC Specification 101-B. 

Design of Electronic Black Boxes 

Extensive test evaluation of electronic black boxes for flam- 
mability hazards was conducted by both MSFC and MSC. This test 
evaluation was necessitated by the fact that most materials (conformal 
coatings, printed circuit boards, potting compounds, etc.), are highly 
flammable in enriched oxygen environments. There are a number of 
"do‘s" and "don'ts" that should greatly reduce the number of configu- 
ration tests required for flammability. They are as follows: 

1. Box should be constructed of metal O.O 8 O" or thicker. 

2. Box should be designed with compartments such that no 
propagation paths exist. 

3 . Cover should be flange type with screws spaced 1 1/2" apart maximum. 

4. Vents or lightening holes in boxes should be restricted to 
1/4 inch dia. maximum and 8 in number. 

5 . Only flame resistant printed circuit board material should 
be used . 
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6. The test reports listed in this report and those generated 
by W.S.T.F. should be used in conjunction with design to 
insure proper construction for flammability criteria. 

7 . Highly flammable materials such as polyurethane foams and 
nylon should be kept to a minimum. 

8. Design should take into consideration void volume vs flam- 
mables used to insure no explosive potential exists. 


CONCLUSIONS 

The data in this report are primarily the results of test 
evaluation conducted in enriched oxygen environments. The extrapo- 
lation of these data for use in air environments at 14.7 psia is 
permissible with the following guidelines. 

1. Any material or material application rated satisfactory or 
batch tested in enriched oxygen, would be satisfactory for 
use in air at 14.7 psi in the same thickness or in thicker 
sect ions . 

2. Thinner sections of the materials should be evaluated to 
insure they are satisfactory. 

3. Many of the materials listed unsatisfactory in this report 
may be satisfactory for use in air at 14.7 psia. 

As stated earlier, the data listed in Table I through III are specifi- 
cally oriented in support of the Skylab Program which utilizes an 
enriched oxygen environment (70% O 2 - 30% N2 6 psia). The new 
generation of Shuttle payloads will have as their environment, air 
at 14.7 psia. Obviously many materials and electronic modules will 
meet the flammability criteria in air at 14.7 psia. Materials in 
the thicknesses intended for use or thinner which meet the FAA or Under- 
writers Laboratories requirements should propose no problems in air 
at 14.7 psia from a flammability standpoint. However, these materials 
should be evaluated for toxicity and odor. 

The information generated from this program should greatly curtail the 
test evaluations of black boxes (electronics modules) and provide the 
same safety assurance as in Skylab at a greatly reduced cost. 
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MATERIAL 


1 RESULTS 
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BC 
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NI 

BC 

BC 
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0. 125 

NI 

SE (1/2") 

NI 

L-3203”6 Fluorel Elastomer 

0.068 

NI 

SE ( 1/2" to 3/4") 

SE (1/8" to 1/4": 

Mosite 1059 
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NI 

BC 

BC 

L-3217 

0.072 

NI 

BC 

BC 

Pyralin 1037 (Polyimide Glass 
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NI 

SE (1/2") 

SE (1/2") 
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0.057 

NI 

SE (1/2") 

SE (1/4") 

20247-3 

0.010 

NI 

SE (l/it") 

NI 

Micatex Beige 

0.003 

NI 

BC . 

BC 

Micatex Blue 

0.003 

NI (V‘) 

SE (3“) 

SE (1-1/2") 

Teflon TFE 

0.312 

SE (I") 

NI 

NI 

Teflon FEP 

0.250 

SE (1/2“) 

SE (l/4“) 

SE (1/4") 

Teflon TFE 

0.250 

SE (3") 

Ni 

N( 

Duroid 5600 (Ceramic Filled 

0.016 

NI 

BC (5-3/4") 

SE 3-3/4") 

Teflon) 





Viton 238-26-1 
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NI 

BC 

BC 

Viton 238-12-1 

0.075 

NI 

BC 

BC 

Mosite 1077 

0.075 

NI 

! SE (1-1/2") 

SE (1" to 2") 

Paper 1 142-F 

0.002 

SE (l/2“ to 2“) 

1 BC (3“) 

SE (2") 

Refset L-3236, Style 3764-1 

0.090 

NI 

SE (3'*) 

SE (1/4") 

Refset L-3236, Style 3764-0 

0.070 

NI 

BC 

BC (1") 

Refset L-3236, Style 3764-2 

0.058 

NI 

BC 

BC 

Refset L-3236, Style 3766-3 

0.020 

NI 

BC 

BC 


Ni = No Ignition 

SE = $e 1 f -Ext i ngu i sh i ng 

BC = Burned Completely 


Figure 1. Igniter evaluation program 
(Bottom ignition, 6.2 psia, 100 percent O 2 ) 
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TOP IGNITION 



AIR 


5 PSIA 

10 PSIA 

13 PSIA 

ADIPRENE L-167 

SE 


19 in /min 

26 in/min 

31 in, 

BUTYL RUBBER 

SE 


3.2 

6.0 

8.2 

HYPALON 

SE 


2.2 

3.1 

3.6 

NARMCO 7343 

SE 


]2,k 

21 .3 

26.0 

NATURAL RUBBER 

SE 


4.1 

5.3 

6.2 

POLYACRYLATE 

SE 


3.3 

6.3 

7.2 

POLYURETHANE FOAM 

SE 


504 

664 

1110 

PR -1527 

SE 


18 

20 

32 

Figure 2. 

Propagation rate vs. pressure in 100 percent O 2 . 


7VO CLASSES 

OF MATERIALS (f 

i.2 PSIA 100-Z O 2 ) 



FLAMMABLE 

IN ALL THICKNESSES BUT FLAME PROPAGATION RATES INVERSELY 


PRO PORT 

lONAL TO 

THICKNESS. 



(1) 

CELLULOSE BUTYRATE (GENERALLY NON-HALOGENATED) 



5 

MILS 

93 

INCH/MINUTE 



10 

MILS 

60 

INCH/MINUTE 



50 MILS 

35 

INCH/MINUTE 



80 

MILS 

24 

INCH/MINUTE 



250 MILS 

10 

INCH/MINUTE 



(2) NON-FLAMMABLE IN CERTAIN THICKNESSES (GENERALLY HIGHLY HALOGEMATED) 


TEFLON TFE 312 MILS 

TEFLON FEP 250 MILS 

REFSET-L3236 90 MILS 

TEFLON COATED FIBERGLASS 10 MILS 

L3203-6 60 MILS 

KEL-F 250 MILS 

POLY I Ml DE LAMINATES AO MILS 


1 . * Top ignition, 

2. Bottom ignition 


Figure 3. Thickness effects. 
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SAMPLE THICKNESS O.O6O INCHES 
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Figure 4. Sample orientation. 




MATERIAL 


COMPOSITION 


FLAME PROROGATION RATE 


POLYETHYLENE -(CH2 
POLYVINYL FLUORIDE -(CH2 
POLYVINYL I DENE FLUORIDE -(CF2 
CHLOROTRIFLUOROETHYLENE -(CF2 
TETRAFLUOROETHYLENE -(CF2 
FLUOROETHYLENE PROPYLENE -(CF2 


1 00 % O7 - 6 psia 


- CH2)n- 

18 

INCH/MINUTE 

- CFH)n- 

16 

INCH/MINUTE 

- ^82),^- 

3.0 

INCH/MINUTE 

- CFCI)^- 


SE 

- CF2)n- 


Nl 

- CF2 - CF2 

- cf)m- 

Nl 


CF2 


Figure 5. Chemical composition (Top ignition - five mils thick) . 

MATERIAL FLAME PROPAGATION RATE 

FOAM (0.500 in) - 405 INCH/MINUTE 

CPR 20-3 (0.500 in) - 372 INCH/MINUTE 

URALANE 577-1 - 36 INCH/MINUTE 

PR-1538 ( 0.188 in) - 18.6 INCH/MINUTE 

NARMCO 7343 ( 0.188 in) - 12.4 INCH/MINUTE 

DYNATHERM D -65 (O.I88 in) - 11.4 INCH/MINUTE 


TOP IGNITION - (6 PSIA) 

Figure 6. Polyurethanes - flame propagation rates in 100 percent oxygen. 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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NI 
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BC 
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c 
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eo 
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X 

O 
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it 

1“ 

c 
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0 '■- 
U-g 

a 
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Vinyl 

Polyester- Aluminum 
Polyester- Aluminum 

Aluminum Alloy 

Sulfuric add, anodlxed, 
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num Gold B, nickel 
acetate sealed 

Teflon Impregnated 
Flberglaaa 

Teflon Impregnated 
Flberglaaa 

a 

1241 
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B77 

1685 

1007 

1806 

1674 
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Manufacturer or Source 

U. S. Plywood Corporation 
U. 8. Plywood Corporation 

U. S. Plywood Corporation 

Kalaer Aluminum Company 
Kaiser Aluminum Company 
MeUlUc Materials Branch, MSFC 

E. I. du Pont de Nemours Co. , 

& Inc. 

E. I. du Pont de Nemours Co. , 

^ Inc. 

E. I. du Pont de Nemours Co. , 
Inc. 

Material Deicription, 
Aaaemblage, Etc. 



Aluminum Honeycomb 
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Aluminum Honeycomb l/4'* 
Faced one side w/alodlned 
aluminum and one side 
w/vinyl clad aluminum 
(Beige) 

Aluminum Honeycomb 1/4" 
Faced w/wood grained 
vlpyl clad - Aluminum on 
otber side 

Aluminized Mylar NRC 

Aluminized Mylar ( Double 
Aluminum) 

Aluminum Foil 

Aluminum 2024- T3 

Aluminum Foil Anodized 

Armalon 97-001 

Armalon 95(M9, TFE 
Coated Beta Sleeve 

Armalon Glass TFE 
Coated 97001A 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 



Durold 3200 Rogers Corporation 510 Burui-N, tntex. and 0.031 lOlA 100 fl.2 7.2 BC.26.2 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 



11111 lIllIlIillllEl 


. Goodrich Company fl05 Urethane 0.080 lOlA 





TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


Materiala Rating 

Group I 


u 

u 
8 
8 . 

U 

u 

u 

u 

s 

BT 

BT 

BT 

V 

I 

H H H 

D Smoa Zi 3 Dco CD CSS 3 

Flame Propagation Rato 
Inchei/Minute 

Bottom 

Ignition 

n 

fflOZoa 'OQOQOQooZcnZ 1 

U 
O 

Top 

Ignition 

- 2 ^ 

cJ © Id 

COX 

(X 

ddto^dddd 


100 

70 

70 

Air 

lOO 

lOO 

100 

Air 

100 

100 

too 

100 

b 

0 

"c 

at 

S 5 = 25 *5 

o ^ c>c£^ oo © 

"Is ---sg---- 

Thickncas 

(Inch) 

0. 004 

0. 006 
0.205 

0. 150 
0.500 

0.376 

0.75 

0. 178 

0. 187 
0. 065 

0.080 

B 

J£ 

C 1. 

1? 
■ t> 

1“ 
C 0 

c 

Dental Adhcaive 
Teflon 

Teflon w/Glaas 

E^oxy w/Ftberglaas 
Silicone w/Flborglasa 

Per ASTM D1692 

Fluoroelaalomer 

Fluoroclaatomer 
Qire date 11-2-67 

Standard Fluorel 
Elaatomer 

u 

© 2S*e ®* ® o n <y> ^ — r: t- 

r* “ or: © o© r: 

® cc cc t- .r tc tsr-ostcocM 

Manufacturer or Source 

Trldox Producta Company 

Do^ge InduBtrtea. Inc. 

Marshall Space Flight Center 
Marshall Space Flight Center 

Non-Metalllc Materials Branch, 
MSFC 

Marshall Space Flight Center 
McDonnell Douglas Corporation 

Flexible Producta Company 
R. E. Darling Company 

R. E. Darling Company 

MInnonota Mining % Manufacturing 
Company 

Minnesota Mining ^ Manufacturing 
Company 

Material Deacriptton, 
Aaaembtage, Etc . 

^ » Cl 

* X * S '« M 

8| tz III Isj 

1 1 li 1 K If 1 ^ i 1 

11“:? ! “i !i 1 s 1 ft 1 

li 1 « 2® 2* 2*^ 3 ^ ^ ^ “ “ 

5| ^ ^ e|c. e| el * 1 ?* ■£ • ? 

si u & ||° ll Ir 1 1 s 1 1 

th< u. Urn u.q 5 (>1.2 (>.Q CS u (Co. tZ bl fe 


21 


llllllllllllEIllIill 




22 

1111 11 1 11 llillllllli 




TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


Material* Rating 

G roup I 

SfiO 

4) 

& 

H 

SCO 

Flame Propagation Rate 
Inches/Minute 

E g 

0 s 
a .? 

— 

<o t- 

u u 

^ to o 

c 

QC 

y ^ B 

CB cn — o 2 

GOX 

■ 

a 

C4C<IOeiNNC4NC<l<NCM wci 

(£««««»« <c« 


g§g|8|^||§| II 

0 

‘c 

2<o< 

OOOO COOCO CO 

Thickncea 

(Inch) 

SI I 8 8 I I I g S II 

do ■•HOC codec dd 

Composition 
and/or Remarks 

^ ^ Sll 

« « z 1 S ^ 

-c'-o*^«Cce 

1 1 1 l£ sg =1' -2 a 

1 II ^11 II 5 


■»0 m «>>Oflc ® r: cptc ■*■ m 

SgSJ = |||gjSS5 52 

Manufacturer or Source 

Scott Paper Company 
Formica Corporation 

E. I. du Pont de Nemoura Co. , 
ft Inc. 

E. I. du Pont de Nemoura Co., 
ft Inc. 

General Sealant Company 
General Sealant Company 
Uonoral !%«alant Company 

Clark-Schewebel PlbergUaa 
Corporation 

Owens Coming Corporation 
Owens CoTrtng Corporation 
Owena Corning Corporation 

Martin- Marietta Corporation 
Dodge Induatriea 

i . 

— u 

»• 

• & 
t) 

D S 

_ ja 

- e 
». *> 

^ : 

- M E 

g 5 s . 6 g I 

Is i i 1 s § i .1 1 

|5SS|C“ 
jc J*»u** - “J*S: 

1 Is - « III i 1 1 1. Is II 

= S|S a % % ^ 2 S s s|ii 

golf 1 i 1 gli« • i li ll.sg 

b. b.o5 b. b. o o o ^ O O O O 0 O 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


Materials Rating 

Croup I 


Type 1 


Flame Propagation Rate 
Inches/Minute 

i| 

II 

^ m ® 

cL A ' 1 **• 

w o 

WU3BQB5BSCD®" (0 D 

ua n 

T op 
Ignition 

o ^ « 

1 1 1 03 1 CD Z 1 N » 

GOX 

« 

"S 

a 

V4C4neiC>4MM«4C4Me«C« M 

cDtDoceiD«<c««e<c« «c 


100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

o 

"c 

QC 

oooooooooeocc 

— 

Thickness 

(Inch) 

0. 004 
0. 004 
0. 004 

0. ooe 
0. 006 
0.006 
o.ooe 

O.OlO 
0. 024 
0.010 
0.78 
0. 076 
0. 120 

Composition 
and/or Remarks 

S-mll TFR coated 116 
glass cloth 

5-mll TFE coated 116 
glass cloth 

5-mll Teflon coated 116 
beta cloth 

5-mll Teflon coated 116 
glass cloth 

5-mll Teflon coated 116 
glass cloth 

S-mll Teflon coated 116 
ginna cloth 

10-mll Teflon coated on 
7-mll 128 glass cloth 

Teflon coated 128 glass 
cloth 

Vinyl nylon laminate per 
MIL-C-43006B 

Vinyl nylon laminate per 
Ml Lr-C-43006B 

Paper dated Auguat 28, 
1960 

Compound RA-300-70H 
( 30- 163) 

• c 

H 2 

722 

768 

756 

432 

761 

717 

721 

767 

922 

926 

648 

284 

10R8 

Manufacturer or Source 

Tacofdca Plaatics Corporation 

TaooOlca Plaatlca Corporation 

Taconlca Plaatlcs Corporation 

Taconlca Plastlca Corporation 

Taconlca Plaatlca Corporation 

Taconlca Plaatlca Corporation 

Tacontes Plastlca Corporation 

Taconlca Plaatlca Corporation 

Herculea Powrter Company 

Hercules Powder Company 

Southern Beil Telephone and 
Telegraph Company 

Non-Metalllc Msterlais Branch, 
MSFC 

Hysol Chemical Company 

Material Description, 
Assemblage, Etc. 

s a f s 8 ^ 1 1 1 1 

1 1 1 1 1 1 1 1 s g 1 

*o £o «o fi V Ht> Ho 2 Z /F fr 

cot ^-t !-t Zr " • ^ e 1 

Sf $-3 gi g« 2-a 2^ 5 i ^ ® A 

A'- -i'- -it- S'- = 5 i g 2 

cij tiS dj tij rfS ti« ci£ iij | | | |_ | 

XO XO XQ XO x3 XO XU XO X X X X X 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


BC 

c 

0 

cc 

m 

5 

X 

V 

1 

a 

s 

o 

I. 

O 

U 

u 

8 

U 

BT 

8 

U 

U 

BT 

BT 

BT 

BT 

BT 

Type I 

oQOQCQeceoatB 

Flame Propagation Rate 
Inchea/Minute 

Bottom 

Ignition 

o 

O o 

BQ ,SffiosS CO *££0003(0 

tJ 

^ « 

CQ 

Top 

Ignition 

, 

COX 

a 

CM CM N <M PI MMNCMMdO 

««««»• CIDtDVVeC 


100 

100 

100 

100 

100 

70 

70 

70 

70 

70 

70 

100 

30 

Ignitor 

<<2S5S 

coceoc occcooc 

Thickncea 

(Inch) 

r; ccr3» la 

oooeci m 

eo*^ecc ococo-v»< 

ododod ddddd<wd 

■ 

e u 

1 ? 
*« V 

0 K 

1 c 

C 

I 

Vln.vlcdcnc Fluoride 
Rcaln 

Sprayed on 1-mll 
aluminum foil 

Porcelain 

Mg-li Alloy 
Teflon- Elbe rglasa 

Pol\'ur(>fhnne Film on 
Aluminum Foil 

Polyurelhcno Film on 
Aluminum Foil 

Polviireihnno Film on 
Aluminum Foil 

Polyurethane Film on 
Aluminum Foil 

Polyurethane Film on 
Aluminum Foil 

Fluoroclastomer 

Cardboard - Aluminum 
Laminated 

Polycarbonate 

Teat 

No. 

»r-p;cj®C‘ CM <r x o> c cm 

g £ S S § S S 2 g g g 1 

Manufacturer or Source 

Raychem Corporation 

Kryloo, Incorporated 

Marahall S^ce Flight Center 

Marahall Space Flight Center 
Dodge Induatrlea 

Dexter Chemical Company 

Dexter Chemical Company 

Drxtor Chemical Company 

Dexter Chemical Company 

Dexter Chemical Company 

McDonnell Douglaa Corporation 
Eastern nvlafon 

McDonnell Douglaa Corporation 
Weatem IMvlBlon 

General Electric Company 

c 

0 • 

Is 

k 

O “ 
II V 

o £ 
S E 

■t: 

Kynar, Cable Clamp 

Krylon Regal Blue 1901 

L-6-2-3 Porcelain Enamel 
on 3 Mil Foil 

LA. 141 Mg. LI Alloy 

I.AClng Tape E.779.303, 
Teflon Coated 

Laminar X.SOO, Primer 
MIUC.85.14, 1 Mil on 
0. 016" Aluminum Foil 

Laminar X.600, 1 Mil on 
3 Mil Foil 

Laminar X.600, 1 Mil on 
3 Mil Foil 

Laminar X-600, 1 Mil on 
3 Mil Foil 

Laminar X.500, 1 MU on 
3 Mil Foil 

Laminar X.500 over 
Fluorel 

Laminated Aluminum . 
Cardboard 

Lexan 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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Refaet U1236, Raybestoe Manhattan Company 1721 Fluorlnnted Silicone 0.085 lOlB 100 

Style RL-3704> 1 Flaatomer 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGi 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


MatcrUli Rating 

Group I 


Type I 

^ & ta Id £}D=>s 

Flame Propagation Rate 
Inchea/Mlnute 

Bottom 

Ignition 

® M « © Ct 

« - Sg5y 

X ''laizasasz 2 2 ,,,S 

s 8 - g a 8 

T op 

Ignition 

12.6 
3.1 
3. 8 
6.6 

8.4 

18.0 

GOX 

■ 

a 

6.0 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

6.2 

6.3 

6.2 

6.2 

6.2 

6.2 


70 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

70 

Ignitor 

VIOI 

viol 

VlOl 

VlOl 

VlUl 

VlOl 

VlOl 

VIOI 

VIOI 

VIOI 

VIOI 

VIOI 

VlOl 

VIOI 

VIOI 

Thickneaa 

(Inch) 

0. 325 

0.017 

0.091 

0.063 

1.09 

0.065 

0.066 

0.030 

0. 005 

0.013 

0.013 

0.044 

0.005 

0.010 

0.045 

■ 

jt 

c »• 

'• *> 

0 K 

c o 
0 

Silicone 

SUlcono 

Silicone 

Stock No. 9320>9969036 
Fluorocarbon Base 

Applied to 1-mll 
Aluminum foil 

Applied to 1-mll 
Aluminum foil 

A|>t>llcd to 1-mll 
Aluminum foil 

Silicone 

Silicone 

Sillcono 

s ° 

H ^ 

r~ eo©x©nr-.v <JD ceMXo 

lO »c e 

(c _i _• la r- r- r- 

Manufacturer or Source 

General Electric Company 

General Electric Company 
Genera] Electric Company 
MSFC 

Raybestos Manhattan Company 
Raybestos Manhattan Company 
Raybestos Manhattan Company 
Raybestos Manhattan Company 
Raybestos Manhattan Company 

Raybestos Manhattan Company 

Itayboatos Manhattan Company 

General Electric Company 
General Electric Company 
General Elt«ctric ('nmpany 

Material Deacrlption, 
Aiiemblage, Etc. 

Z • & o 

1 ! 1 1 1 1 1 1 

t S 1 I I I « 1 1 - 

US .5UUU<&? © 

57 |C....S4 S 

s, ssliiiis : 1 sss" 

i i t t t ^ 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 


oc 

c 

m 

K 

■ 

•t 

1 

Group I 

D D D S io P ^ n 

i 

H 

PDPPP P P S 3 ^ 3 ^ 09 

«> 

o: 

1. 

4 3 

«C C 

^ ■ 

CL V 

i| 

Jfi 

E g 
o — 

« s, 

ffl J? 

«D 

i7i 

c 

e 

W 

^ « O ^ ® 

M c4 » e« n 

«o Z 

cox 

a 

'm 

Cl. 

<M N CM CM M CM CM CM CM M CM CM CM 

(OcOCDOtf <0 «0 «C W <0 O » « 


too 

100 

too 

70 

too 

too 

100 

100 

100 

100 

70 

70 

70 

Ignitor 

<<<<< < < < < < < ® ® 

ooocc e c c © © e c o 

TKlcknei* 

(Inch) 

0.076 

0.015 

0.016 

0.125 

1.75 

0.075 

0.065 

0.077 

0. 070 

1. ;i2 
0.250 
0.060 
0.004 

• 

c *. 

li 

• « 

0 (C 

e 0 

u| 

H nncy comg- pol yu reth anc 

composite 

Silicone 

Silicone 

SlUconc 

Silicone 

Protective Coating 
Protective Coating 


— « <t lO « iC ® 

«^^ocM c »o OD o ♦ «n ct e> 

©cmcmmi. 0 c^ CM f". 1 * 0& X ao 

Manufacturer or Source 

John Schneller Associates 

John Schneller Associates 

Minnesota Mining |( Mlg. Co, 

North American Rockwell Space 
DIv. 

Non-Metalltc Materials Branch. 
MSFC 

Non-MetalHc MiUcrials Branch. 
MSFC 

Non-Metal) Ic Materials Branch. 
MSFC 

General Electric Company 

Non- Metallic Materials Branch. 
MSFC 

Minnesota Mining || Mfg. Co. 
Sperea Company 
Sperex Company 

i . 

is 

»• 

• £ 

D £ 

5l 

•I 

Schnec Mo rehead No. 6144 
Schneller Aerfllm 
Schneller Aerfillm 
Scotchcast XR603S 
S-Q Insulation Composite 

Silicone Rubber. 

Compound RA-377-S0S1 

Silicone Rubber, 

Compound RA-377-30S1 

Silicone Rubber, 

Compound RA-2S6-70S1 

Silicone Rubber, 

Compound SE-S17 

Sodium SIllcate-RofrasU 
Insulation 

Scotchcast XR5038 Coated 
w/32 MU Refset L-3203-6 

Sperox VHT w/Enamel on 
15 MU Aluminum 

Sperex VIIT w/Enamel on 
3 MU Foil 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE I. FLAMMABILITY OF PLASTICS, ELASTOMERS, COATINGS, 
FABRICS, AND OTHER SHEET MATERIALS (Continued) 
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TABLE n.. FLAMMABIUTY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS 
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TABLE II. FAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 




TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 




TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE n, FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE n. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 



■ Illllfilllliifilfllf 


r 

T 

k 



TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Continued) 
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TABLE II. FLAMMABILITY OF WIRE HARNESSES, CONNECTORS, AND POTTING COMPOUNDS (Concluded) 
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TABLE III. CONFIGURATION TESTS 
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TABLE III . CONFIGURATION TESTS (Continued) 
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TABLE III . CONFIGURATION TESTS (Continued) 






















TABLE III . CONFIGURATION TESTS (Concluded) 
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